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Beamwaveguide Systems

+ Purpose - Move a focal point to a more
convenient location through a system of

●mirrors
+ Advantages - Feed horn and equipment

●m a stationary room below the antenna
+ Disadvantages - Slightly lower antenna

gain and higher noise temperature1
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Beam Waveguide Input and Output
Radiation Patterns at X-Band
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Beam-Waveguide
at S-Band

Defocusing
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S-Band Calculations

Spillover  (%)

.~6

.M~

.M4

.M:

M’2

.MI

Sub

Total Eiliciency

Gain (dB)

Noise Temperature

I Total Noise (K)

22-dBi Corrugated
Horn [71

---

2.05
1.57
5.91

5.55
1.36

---
---

0.48415

55.102

73.574

18.67 I
36.43 I

19-dBi Corrugated
Horn

0.41

2.46

0.70

~.73

0.96

0.26

1.14

0.94

0.6827
56.594

37.10

+

Theoretical
Horn

-- -

0.24

1.19

0.86

1.29

0.46

1.94

3.61

0.69502
56.672

35.314
15.48

41.19



Noise Temperature predictions and
Measurements (Kelvin)

System

LNA

Feed svstem
(inclu~ing LNA)

S-band
Predictions

83●

17.69

M1 eaw.rement

8.72

17.5

38.0Antenna 37.26
(TOTM)



A Novel Design Technique for
Ileam-Wavcguide Antennas

W. A, lmbrialc aad M, S, f isquivcl
Jd l’ropulsio~l  1,aboraiory

California lastilulc  of’1 ‘kchnolog,y
Pasadcm.  (’A 91109

A f).wac{ ‘1’hc poor Iow-fscqucncy  pcl-fonnancc
of gcometiically  designed beam-wavcguidc
antennas is shown to bc caused by tbe ctiffrac-
tion phase centels  being far from the g,rxmlctri-
cal optics mirmr focus, resulting in substantial
spillcwcl  and defocusing loss. I’O gcncratc  a ncw
solution by a straightforward analytical design
would  prove cumbersome bccausc  of the large
number of scattciing surfaces required for the
computation, Rather, a unique application was
made of the cot~jugate  l~l~asc-l~~atc.l~ir}g  tech-
niques to obtain the desired solution. A plane
wave was used to illuminate the main Icflcctor
and the fields from the currents in~iuccd  on the
subrcflcctor  propagated through the IIWG to a
plane ccntcrcd on the input focal point l]y tak-
ing tbc collll>lcx-c.orljllgatc  of t}lc currents in-
duced on this plane and applying the radiation
integral, the far-field pattcm was obtainc.d  fol a
theoretical horn that maximims the antenna gain.
‘lb synthesize a horn quickiy  and incxpcnsivc]y,
the theoretical horn was matched as well as
possible by an appropriately sized circular cor-
rug,atcd hom and the new feed system has been
implcmcntcd  in tbc JPI. Rcseatch and l)twelop-
mcnt BWG as pat-t  of a dual S/X-band feed
systcm, ‘1’he ncw S-band feed systcm is shown
t; perform si~nificantly  belter than tbc original
gcomct[ i call y designed systcm,

1.
2,
3,
4,
5.

“1’At{I,l;  01 CONTI;NIs

INII<OJJ(JCIIC)N

‘l’lll:.  ])IK)IH, IN
IJOCAI-17,ANJ:  MI; IIIOI)
13WG S/X-BANJ)  IJI:Ju) SYSTIiM

CONCI.[JslONS

1, lNIKOIXJCI ION

J1’1. has rcccntly built a ncw 34-meter’ beanl-
wavcguidc  (flWG) antenna at Goldstonc>s  I)ccp
Space Station 13 site (1) SS-13), ‘J’hc design of
the ccntcr--fcd  llWG consists of a bcarn
ma,gnificr ellipse (M5) in a pedestal room
located below ground Icvcl  that t~ ansforms a
22-d13 gain fccdhorm pattern into a high-gain
29-dIl gain fccdhorn  pattern for input to a
standar(i four-mirror (two flat and two
paraboloid) llWG systcm (see l:i~ure  1). ‘1’hc
(tcsign of the upper section of the IIWG is
basccl m a Gconlctrical  Optics (G()) criteria
introduced by h4izusawa  and Kitsuregawa in
1973 [ 1 ,2] which guarantees a perfect image
from a rcftcctor pair, “1’hc systcm was initially
designed (1’hasc 1 ) fol operation at 8,45 G] lZ
(X-band) and 32 G] 17, (Ka-band) and has Icss
than 0.2-dll loss (dctcrmincd  by comparing the
gain of a 29-dll gain horn feeding the dual-
sbapcd reflector systcm with that obtained usins
the llWG  systen~)  /3,4], III Phase 2, S-band
(2,3 GI lY.) is to be added.

If a standard 22-dll  S-band horn is placed at the
input focus (f3) of the ellipse, the llWCi loss is
{:r-catcl than 1.5 d13, primarily due to the fact
that, foI low frcqucncics,  the diffraction phase
ccntcrs  are far from the GO-j~rcdicted  foci,
lcsulting in a substantial spi]lovcr  and
defocusing loss. ‘1’his dcfc)cusing is mpcciall  y
a pr-oblcm for the magnifier ellipse, where the
S-band phase ccntcr at the output of the e.llipsc
is 3 meters from the G.0.  focus. If the input
10 the paraboloids were focused, the output
defocusing wouid  onty cause a 0.3-(tIl  loss.
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A potential  scdutim  is tO redesign the hmn tO
p ovidc an optimum solution for S-band, ‘1’hc
qucs[ion  is how to determine the appropriate
gain and location for this feed.

A straightforward analytical design  would
prmw CNnIbCI-SOnIC  bccausc  of the large number
of scattcf-ing  surfaces required for the
con~putation. Ratl~cr,  allt~iqljc alJ~Jlicatiotl  was
n)adc of the conjugate phase-matching
technique to obtain the desired solutiorl,  A
plane wave was used to illuminate the main

reflector, and the fi~lds fron] tll~ Cllrrcrlts
induced on the subreflectot-  were p~ opagatcd
through  tbc llWG  to a plane ccntcrccl  cm the
input  focal point By taking the conlplex-
conjugate of the currents induced cm IIIC plane
and apidying  the I-adiation integral, the far-fic]d
pat[m was obtained for a thcorclical  horn thal
maximizes the anlcnna  gain

‘Ii> synthcsim  a horn quickly and inexpensively,
the theoretical horn was nlatchcd  as WC1l  as
possib]c by an appropriately sized circulai



mrrugatcd  horn. ‘J’he corrugated horn
performance was only 0,2 dl~ lower than the
optimum thcmctical  horn but 1,4 d]) ahovc the
standard 22-dll horn, A systcm employing the
corrugatc(i  horn was built and tested and
installed in the 34111 13WG antcrlna as part ofa
simultaneous S/X-band receiving system,

2. ‘] ’111; ]?to}ll  .I;M

‘1’hc basic design of the ccntcr-fcd  bcanl-
wavcguidc  antenna is shown in l~igure 1, ‘1’he
shaped dual-reflector systcm (focal point f 1 ) is
designed to provide uniform illumination with
a 29,8-dll gain horn at the input, ‘1’hc upper
foul mirrors of the beam-wavcgui dc (between
C? to fl ) arc designed to image the input (at f2)
to the output (at f I ). Thus, to pmvidc a 29.8-
d13 pattern output at fl requires a 29.8 -cJII gain
pattern at the input f2. ‘1’hc  29.8-dll  gain
pattern is gcncl-atcd  by using a 22-cI}I gain horn
at i3 (the input focus of t}lc magnifier c]lipsc)
to plmvidc  the rcqui rcd gain at the output focus
of the ellipse (f2) l(igulc  2 compares the input
and output patterns from the IIW{.; systcm with
the 29-dll  gain horn at X-band. Sine.c the IIWG
p[ojcct  seeks to introduce S-band (2,3 Gllz.)
into the antenna in the Phase 2 pmjcct,  it is
uscflll to inquire w}lat happens when a 22-dll
S-band hot-n is placed at the input focus of the
ellipse. ignoring spillover  past the llWG
mirrors, the defocusing loss is 0.9 d]], “1’hc
llWG spillovcr  loss is 0.5 d13, yielding a total
IIWG 10ss of 1,4 ciIl, ‘1’hc principal cause of
the cicfocusing  loss is related to the fact that for
low frcqucncics, the diffraction phase center at
the casscgrain  focus f] is far- 3.56 meters (140
inches) from the GO focus, This loss is
illustrated in F’igure  3, where a plot of gain
versus  the z-displacement motion of the IIWG
assumes that the entire 13WG is move(i relative
to the focal point of the (iuai-rcflcctol  systcm
at f]. Only tile apcr[urc illumination, i>hasc
cfllcicncy,  dual  -1-cflcctm spill ovcl’, and ccntcr
biockagc  10SS arc includc(i  in the calculation;
llWG  internal si~iilovcr  is ignored for tilis

comparison since it wouid bc tile same for each
point of the CU1”VC in }iigurc  ~, ‘i’his defocusing
is cspcciai]y a i~roblcnl  fol tile magnifier ellipse,
WIICI-C  the S-band phase ccntcr at the output of
the ciiipsc  is 3.05 meters (120 inches) from tile
GO. focus at fz. ‘rilLIS  the i npllt  to tile two-
i)araboioid  section is defocused, causing ti]c
majority of the spiilovcr  loss and adding  to the
(icfocusing of the palaboloi~i  output, If tllc
input to ti~c upper llW(i  section were focused,
the out put W(N11  d then bc defocused by SO1llC

60 90 inches. I lowcvcr,  ti~is  defocusing would
cause only a 0.2- to 0,3-dD 10ss l{fforts WCIC
made to dctcrminc  if adjustment to the input
pattern amplitude or i~hase  would move ti]c
low-frequency diffl action phase ccntcr to the
{;0 phase ccntcr at f2 [5]. It was dctcrmincd
that if the cllii~soidai  mirror were Iar.gc enough
(>30L)  it wouid bc possible, but for smalicr
ciiii)soi(is (18A in this case) it was not possible
to move tile focus ali the way to the GO phase
Center f~.

3. I;(KAI-PI,  ANI; h4t,ltio  I)

‘1’hc goal of tile design was to maxinliz.c  the
gain over noise tcn~pciaturc.  (G/’l’) of the lIWG
antenna. Sine.c there arc a iargc number of
scatt  cring surfaces (eight total), an opt i mi ~.at i on
metimd that required rcpcatcct  computation of
the gain an(i noise tcmpcraturc  of the entire
systcm  wouid  be rather time consuming,
l~~stcad,  a unique application of the conjugate
phase-matching tcchniquc (calicd ti)c l;ocal -
l)]anc Mcthoci)  was tried, in ti~is method, a
uniform plane wave was used to illuminate the
main reflector and the fields fronl tile currents
induced on tile subrcflcctor were i~ropagatcd
through the BWG (minors M 1, h4z, M3, M4,
and M5), P’inaiiy,  tile currents on a circuiat-
apcl-turc  witil a 23L (iiamctcr at the focal plane
ccntcrcci  at f3 (J:igul  c 4) were computed. I]y
taking tile complex-conj ugat c of these currents
and api>lying  the Iadiation integral, the far-ficl(i
~Jattcrn was obtained fm a theoretical horn that
silould maximiz,c the gain.
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‘1’hcrcis t]ocl/Jr/c~ri  gllaranlect}lat  thcpatlcrn
produced by (his n~ethod  would be easily
realized. IIowcvcr,  the patter-n is nearly
circularly symmetric and the theoretic.al horn
was able to bc m atchcd fairly vml I by a circu] ar
col rugatcd  horn,

l;igure. 5 shows the near-field 11-Jllanc  patterns
of the thcorcticai horn and a 19-dlli  circular
cormgat  cd horn. ‘J’lIc agrccmcnt  in an~plitucic
and phase is quite good out to ~ = 21”, the angle
subtcn(icd  by M~, g’hc point of rcfcre,ncc fol-
thc spherical - wave expans ion  (SWJi)
coefficients used  to generate the 19-d Ili
con ugatmi horn pattern was shifted until the

ra(iiation  pattern matchcci the one of the
thcmrctical  horn ccntmed at the focal plane f~.
IIy ti~is method the position of tile 19-dlli
coriugate(i  horn in the antenna couid  bc
(Jctcrnlincxi  Jt turnc[i out that the S-band
cor[ugatc~i  horn’s aperture position was
352,425  cnl from the center of the magnifying,
ciiipsoi(i M~,

‘J’JI~  ] 9-dJli Circljlar  corn]~atcci  horn patlcrn was
convcrteci into a set of SWIi coc~lcicnts which
were then used in the i>hysic,a] optics (J’0)
anaiysis  of the 34n1 BWG antenna a[ S-band,
l;igurc 6 si]ows the input  and output of the
tnagnifying  eliipsc, M ~, aiong with the output
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of the }IWG system “1’he 19-ctll pattern of the
corrugated horn is rnagnificd  into a 28.7-d}l
pattern by the ellipse; the RWG mirrors add an
cxtl”a 1. I d]] so that at the output ofthc system
the gain of the pattern is 29.8 dll, the gain from
which the dual-shaped system was synthesi zcd.

IIasically,  the Focal-Plane Method provided an
unexpected solution to the defocusing problcn)
of the 34m BWG antenna at S-band: the usc
of a Iowcr gain horm Previous work done on
the antenna at X-band and Ka-band had shown
that its G/’J’ would improve if corrugated horns
with higher gains than the original-design 22 dll
WCJ-C used. For instance, an X/Ka-band  feed
systcm uses corrugated ]1OHIS with  &iillS  of
25.0 dil and 26 dll, rcspcctivc]y  [6], ‘1’bus,
when the task of in~plcmcntil~g  an S-band feed
system in the antenna was initiated, a soIution

which required a higher gain horn was
cxpcctcd.

l’arl of the skepticism was in the area of noise
tcmpcraturc,  It was well known that a lower
gain horn woul(t contribute more spil]ovcr,
which would increase the noise tcmpcraturc  of
the system. What was not understood at the
time was that the 19-dIli  corrugated hoI n would
only have a higher spillovcr loss at the first
reflector, M5, and that its performance tbrou@l
the remainder of the lIWG system would be
better than for the standard 22-dlli  c.orrugatcci
horn, ‘Ihblc 1, which lists PO and Jacobi-l] esscl
analysis results of the antenna at S-band,
cortoboratcs this observation, In this tabic, the
spillovcr of the antenna mirrors, the antcntta
cfllciency,  and system noise tcmpcraturc arc
listed for the 19-dIli corwgatcd hom and the

Table 1, S-band l}. O. and Jacobi-l] csscl Calculations

—.

Spi llovcr (%)

M6

MS

v 4

MS

M 2

M]

Sub

h4ain

Kftlciency

‘1’otal ]HTkicncy

Gain (dII)

[.

Noise Temperature

Total Noise (K)

‘l’o[al Noise (d13)
—. .-—

{;?1’ (dfJ)
.—

. . ..— .,

22-dIli (;orruqa(cd
lIorn 171

..—

---

2.05

1.57

5.91

5.55

1,30
---

---
.—— — .-

0,484 I 5

55,102

73.574

18.67
— - .— ----

36.43
..-. ——.

-—— —.— ——

1 !ktlli ~’ortugatcd
I !011)

—.-—

0.41

2.46

0,70

0.73

(),96

0.26

1.14

0.94
———

0,6827

56.594

37,10

15.69
—— .— — -

40.90

—.. -....——-

‘1’hcorctical
1 ]orn

—-

---

0.24

1.19

0.86

I .?.9

0.46
I .94

3.01

0.69502

56.672

35.314

15.48

41.19



.

thcoret  i cal horn pattern predi  ctcd by the l;ocal  -
Plane  Method, Also, for comparison purposes,
t h e  calculatcct  perfor-mancc  of a 22-dlli
corrugated horn is presented from [7].

4. IIWG S/X-IIANI)  Fh:s)  SYSTI:M

“1’hc  S-band feed is part of a simultaneous
S/X-band reccivc  system imp]cmcntcd  on the
ncw IIWG antenna, The general configuration
of the feed systcm,  the detail design, and
mcasurcct  feed system performance arc
dcscribcd  in [8], the proceeding paper in this
session, and the performance of the feed system
installed in the IIWG is given in the following
scclion,

The predicted and measured noise tcmpcraturcs
of the S/X-band 1,NAs,  microwave feeds, and
the overall 11SS-13 JIWG antenna arc shown in
“1’ab]c 2, The higher than standard l)SN noise
tcmpcraturc measured for tbc X-band I.NA is
due to the agc of the package, which was
accept able for its intcndccl  USC. “1’hc prcdi cti ons
al-c calculated from the theoretical or’ m casutcd
loss of the individual component of each
syst cm, ‘1’hc m casurcments  for Ihc feeds WCI-C
made at Goldstonc before installation in the
antenna pedestal room. ‘1’hc mcasurcmcnts  for
the overall antenna were made after the feed
packages were installed and aligned in the
pedestal room.

‘1’he predicted S-band cfllcicncy  from ‘1’able 1
was 68°/0 and the measured efficiency was
67,50A, dcmonstt’sting the succcssfljl  design and
it~ll]lc~~lciltatioll.  I/or comparison, the prcdictcd
X-band efUcicncy (at the rigging angle of 45°)
was 72.7°/0 and the measured cfficicncy,
including the dichroic  plate, was 70, 10/o.

5, ~ONCI  .( JSIONS

A novel solution to the S-band design problems
in a geometrically designed IIWG system IWS
been demonstrated. q’he proposed design was
imp]cmcntcd  as part of an S/X-band feed
systcm in the 11 SS - 13 antenna located at
Goldstcrne, California l’hc measured and
predict cd pc~formancc  of the feed systems and
the overall antenna agree very closely.
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